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Environmental heterogeneity increases complementarity in
experimental grassland communities
Abstract
Previous grassland biodiversity experiments were carried out in uniform environments. It is conceivable,
however, that biodiversity effects on community characteristics such as primary productivity might be
enhanced under more realistic levels of environmental heterogeneity, if this allows complementary
resource use by different species in mixture. Therefore, we would expect larger complementarity effects
between species in a heterogeneous environment than in a uniform environment. We tested these
hypotheses with experiments in four non-overlapping species pools containing the three functional
groups grasses, herbs and legumes. We established all species in monoculture, 3- and 6-species mixture
on plots with horizontally heterogeneous or uniform distribution of the same total amount of soil
nutrients. The positive net biodiversity effects on aboveground biomass production were similar in both
heterogeneous and uniform environment. When the net biodiversity effects were partitioned into
components, however, it became clear that in the heterogeneous environment they were due to increased
complementarity among species whereas in the uniform environment dominance of species with high
monoculture yield played also an important role.
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Abstract 19 
Previous grassland biodiversity experiments were carried out in uniform environments. It is 20 
conceivable, however, that biodiversity effects on community characteristics such as primary 21 
productivity might be enhanced under more realistic levels of environmental heterogeneity, if 22 
it allows complementary resource use by different species in mixture. We tested this 23 
hypothesis with experiments in four non-overlapping species pools containing the three 24 
functional groups grasses, herbs and legumes. We established all species in monoculture, 3- 25 
and 6-species mixture on plots with horizontally heterogeneous or uniform distribution of the 26 
same total amount of soil nutrients. The positive net biodiversity effects on aboveground 27 
biomass production were similar in both heterogeneous and uniform environment. When the 28 
net biodiversity effects were partitioned into components, however, it became clear that in the 29 
heterogeneous environment they were due to increased complementarity among species 30 
whereas in the uniform environment dominance of species with high monoculture yield 31 
played also an important role. 32 
 33 
Zusammenfassung  34 
Frühere Biodiversitätsexperimente wurden unter uniformen Umweltbedingungen 35 
durchgeführt. Es ist jedoch denkbar, daß die Auswirkungen der Biodiversität auf 36 
Leistungsmerkmale der Pflanzengesellschaft wie die Primärproduktion unter realistischeren 37 
heterogenen Umweltbedingungen verstärkt werden können, wenn dadurch eine 38 
komplementäre Ressourcennutzung der unterschiedlichen Arten in einer Mischung ermöglicht 39 
wird. Wir haben diese Hypothese mit vier nicht überlappenden Pflanzenartenpools getestet, 40 
welche die drei funktionellen Gruppen Gräser, Kräuter und Leguminosen enthielten. Alle 41 
Arten wurden in Monokultur, 3er- und 6er-Mischung auf Versuchsflächen mit einer 42 
uniformen oder heterogenen horizontalen Verteilung der identischen Gesamtmenge an 43 
Bodennährstoffen angepflanzt. Die positiven Nettobiodiversitätseffekte auf die oberirdische 44 
 3 
Biomasseproduktion waren ähnlich unter uniformen und heterogenen Umweltbedingungen. 45 
Beim Aufteilen der Nettobiodiversitätseffekte in ihre Komponenten wurde jedoch klar, daß 46 
sie unter heterogenen Umweltbedingungen auf Komplementarität zwischen den Arten 47 
zurückzuführen waren, während unter uniformen Umweltbedingungen die Dominanz von 48 
Arten mit hohem Ertrag in Monokultur auch eine wichtige Rolle spielte. 49 
 50 
Key words: biodiversity experiment, coexistence, dominance, grassland ecosystem, 51 
heterogeneous nutrient distribution, niche separation, selection effect, uniform nutrient 52 
distribution. 53 
54 
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Introduction 54 
Over the past 15 years a large number of studies investigated effects of diversity on 55 
ecosystem functioning in experimental grassland communities (Loreau, Naeem, & Inchausti, 56 
2002; Balvanera, Pfisterer, Buchmann, He, Nakashizuka et al., 2006). These experiments 57 
were set up in horizontally uniform soil conditions, achieved for example by ploughing and 58 
harrowing (Tilman, Wedin, & Knops, 1996; Spehn, Hector, Joshi, Scherer-Lorenzen, Schmid 59 
et al., 2005) or replacing and mixing the soil (Hooper, 1998; Niklaus, Leadley, Schmid, & 60 
Körner, 2001). Such studies often reported a positive relationship between species richness 61 
and ecosystem variables such as primary productivity, ecosystem stability or nutrient 62 
retention (Tilman & Downing, 1994; Tilman et al., 1996; Hector, Schmid, Beierkuhnlein, 63 
Caldeira, Diemer et al., 1999). Our main hypothesis in this paper is that net biodiversity 64 
effects may be even stronger in heterogeneous than in uniform environment. We further 65 
predict that effects of species complementarity are stronger in heterogeneous environment, 66 
whereas effects of species dominance may be stronger in uniform environment. 67 
 Many biodiversity studies have demonstrated with a partitioning method introduced 68 
by Loreau & Hector (2001) that complementarity (CE) and selection (SE) effects can both 69 
contribute to net biodiversity effects (Loreau et al., 2001; van Ruijven & Berendse, 2003; 70 
Roscher, Temperton, Scherer-Lorenzen, Schmitz, Schumacher et al., 2005; Spehn et al., 2005; 71 
Lanta & Lepš, 2006; Fargione, Tilman, Dybzinski, Lambers, Clark et al., 2007). Positive CEs 72 
reflect niche partitioning or positive interactions between species, positive SEs reflect 73 
dominance of particular species with high monoculture performance. We therefore expected 74 
CEs to be more pronounced in heterogeneous environment: if different species in a mixture 75 
are specialists for different patch types, they should extract more resources from the total 76 
environment than each species could by itself. However, in a uniform environment this 77 
potential for specializing on different patch types does not exist. It is conceivable that a single 78 
species is best in all patches and that a monoculture of this species could extract as much 79 
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resources from the total environment as the mixture. This is exactly the condition in which 80 
one would find pronounced SEs. As competition between species is enhanced, dominance of 81 
particular species increases. This assumption is supported by findings of Tilman (1984, 1987) 82 
in grassland communities, where nitrogen fertiliser was added in a horizontally uniform way, 83 
and by a long-term study on nitrogen deposition in natural grasslands by Stevens, Dise, 84 
Mountford, and Gowing (2004). 85 
 Empirical evidence for our hypothesis is scarce. This is surprising, especially because 86 
there seems to be a general belief that ecosystems with larger environmental heterogeneity 87 
should be able to contain more species due to resource partitioning and coexistence of 88 
competing species (Hardin, 1960; Grubb, 1977; Ricklefs, 1977). It is also known, that 89 
resource heterogeneity influences the intra- and interspecific plant interactions through 90 
changes in biomass allocation of the individual plants and thereby affects community 91 
structure and plant populations (Hutchings, John, & Wijesinghe, 2003). Therefore it could be 92 
expected that positive effects of species richness on productivity and other ecosystem 93 
variables are more pronounced in heterogeneous than in uniform environments. We only 94 
know of some studies, which have looked at the effects of heterogeneously distributed soil 95 
resources on plant community productivity and community structure, without manipulating 96 
species richness. Wijesinghe, John, and Hutchings (2005) set up communities of 20 97 
herbaceous plant species in three different types of heterogeneous environments and a 98 
uniform environment. After 2 years they observed higher total biomass in heterogeneous than 99 
in homogeneous environment, largely due to increases in belowground biomass. Maestre, 100 
Bradford, and Reynolds (2006) investigated the interplay of soil heterogeneity and 101 
community composition in microcosms containing all possible combinations of two grasses 102 
with one herb species in a uniform and two heterogeneous treatments and found that soil 103 
heterogeneity in combination with species composition did affect community productivity. 104 
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Finally, Cardinale, Nelson, and Palmer (2000) could predict by modelling that the effect of 105 
diversity on productivity increased with spatial heterogeneity. 106 
 To test our hypothesis, we carried out a biodiversity field experiment in which we 107 
factorially combined two levels of soil resource distribution (spatially uniform or 108 
heterogeneous fertilizer application) with three levels of plant species richness (1, 3 and 6 109 
species).  110 
 111 
Material and methods 112 
Experimental design 113 
Our experimental site was situated at the agricultural extension station Forschungsanstalt 114 
Agroscope Reckenholz-Tänikon ART in Zurich, Switzerland. It has a sandy-loamy soil with a 115 
pH of 7.6±0.2, a mean concentration of soluble nitrogen of 26±0.9 mg kg-1 and a mean 116 
concentration of soluble phosphorus of 4±0.3 mg kg-1 and was planted with crops in the years 117 
before we started our experiment. At the beginning of April 2003 the field was harrowed. 118 
 We selected 24 herbaceous plant species occurring in central-European grasslands to 119 
assemble four non-overlapping species pools. Each pool contained six species representing 120 
the three functional groups grasses, herbs and legumes. Within each pool we formed nine 121 
experimental communities: all six monocultures, two 3-species mixtures and the full 6-122 
species mixture (Table 1). The 3-species mixtures were obtained by randomly splitting up the 123 
six species of each pool into two non-overlapping sets. These diversity treatments were 124 
factorially crossed with a soil-heterogeneity treatment with two levels, uniform and 125 
heterogeneous soil, yielding 4 x 9 x 2 = 72 treatment combinations. Monocultures were not 126 
replicated, but 3- and 6-species mixtures were replicated once, adding 4 x 3 x 2 = 24 further 127 
plots and resulting in a total of 96 plots. 128 
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In the soil-heterogeneity treatment both levels, uniform and heterogeneous soil, 129 
received exactly the same amount of fertilizer at the plot average. However, for the uniform 130 
treatment, nutrients were applied homogeneously whereas for the heterogeneous treatment 131 
they were applied in a chequerboard-like pattern with 0.25 x 0.25 m patches receiving four 132 
different nutrient additions as granular fertilizer (AGROline AG, Basel, Switzerland): 1) no 133 
fertilizer (control), 2) nitrogen, 3) phosphorus, 4) nitrogen plus phosphorus (Figure 1). The 134 
size of the patches had been assessed in a previous pilot experiment, where it proved to be 135 
adequate for the plant species involved in our experiment. In the heterogeneous plots, 136 
nitrogen or phosphorus were added twice per year in amounts of 8 g N m-2 or 4 g P m-2, 137 
respectively. The plots with uniform soil environment received 4 g N m-2 and 2 g P m-2 twice 138 
per year resulting in the same total amount of nitrogen and phosphorus as the heterogeneous 139 
plots, but equally distributed over the whole plot area. 140 
 On 24–25 April 2003 we sowed the experimental communities on plots each 141 
measuring 1.5 x 2 m. The individual pool x richness x heterogeneity combinations were 142 
randomly assigned to four blocks, making sure replicates of the same combination never 143 
occurred together in the same block. The seeds were mixed with sand and sown by hand at a 144 
seed density of 1000 “germinable” seeds m-2. Germination capacity for each species was 145 
tested in a pilot experiment and used to correct the number of seeds. For example, if 146 
germination capacity was 20 %, 5000 seeds per m2 were used to establish a monoculture of 147 
that species. The fertilizer treatment was applied beginning of June and end of August in 2003 148 
and middle of April and end of June in 2004. 149 
All plots were re-seeded on 1 October 2003 with the same amount of seeds as at the 150 
start of the experiment, independent of the density of established plants. The re-seeding was 151 
necessary because some species were annual. Furthermore, we used the re-seeding to mimic a 152 
diverse natural age structure for all species. In addition, the experimental plots were 153 
constantly weeded to maintain the sown species compositions and were completely mown 154 
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after harvests. In the first year, presumably due to establishment processes, we could not yet 155 
detect diversity effects and therefore we focus on presenting data from the second year in this 156 
paper. 157 
 158 
Measurements 159 
From 7–16 June and 30 August–3 September 2004, all aboveground plant material was 160 
harvested at ground level in four contiguous 0.25 x 0.25 m squares of one 0.5 x 0.5 m quadrat. 161 
In the heterogeneous treatment, each of the four squares represented one of the four different 162 
fertilizer applications (there was no difference in fertilizer application between the four 163 
squares in uniform plots). Harvested aboveground plant material was dried at 80 °C for 48 h 164 
and weighed. 165 
 Plant density was measured in mid July 2004, after the first biomass harvest, when it 166 
was still possible to distinguish genets (defined here as all shoots arising from a single 167 
seedling). This was done in two 0.1 x 0.5 m transects, covering an equal amount of all four 168 
fertilizer treatments. 169 
Realized species richness was assessed by counting the number of sown species in the 170 
harvested biomass samples at the 0.5 x 0.5-m quadrat level, to obtain a plot estimate, and at 171 
the 0.25 x 0.25-m patch level. We also determined the Simpson dominance index from the 172 
biomass samples in mixtures, using the reciprocal of the Simpson diversity index (Begon, 173 
Harper, & Townsend, 1990). To test if environmental heterogeneity affected the within-plot 174 
variation of aboveground biomass production, we calculated the coefficient of variation (CV) 175 
for the four harvested patches within each plot. 176 
 177 
Data analysis 178 
We used general linear mixed models to analyse the influence of the design variables on the 179 
measured variables (Schmid, Hector, Huston, Inchausti, Nijs et al., 2002). The influence of 180 
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species pool and species richness was tested against the random term community 181 
(monoculture species and species composition of mixtures) and the community term itself 182 
was tested against the random term plot. The heterogeneity treatment and interactions with it 183 
were tested against the community × heterogeneity interaction. Species richness was 184 
partitioned into a monoculture/mixture contrast and a 3-/6-species mixture contrast (Neter, 185 
Kutner, Nachtsheim, & Wasserman, 1996). All analyses were done with the statistical 186 
software R (R Development Core Team, 2006) using the lm and anova functions. 187 
According to Loreau & Hector (2001), we defined a net biodiversity effect (NE) as the 188 
difference between observed and expected (= monoculture yield/number of species in the 189 
mixture) aboveground biomass production in mixtures. This difference was then partitioned 190 
into complementarity (CE) and selection effects (SE). A positive CE arises when the mean 191 
deviance from the expected yield is positive, suggesting resource partitioning or facilitation 192 
between species, whereas a negative CE, due to a negative deviance, denotes direct 193 
interference of species. Positive SEs indicate that species with a higher than average yield in 194 
monoculture become dominant and negative SEs occur when the dominant species in mixture 195 
are the ones with a lower than average yield in monoculture. The two effects are not mutually 196 
exclusive. We do not present results of the new tri-partite partitioning method introduced by 197 
Fox (2005), which splits the SE up further into a pure dominance effect (DE) and a so-called 198 
trait-dependent complementarity effect, because in our case DE ≈ SE. Values of NE, CE and 199 
SE were square-root transformed, while the original positive and negative signs were 200 
preserved to meet assumptions of the ANOVA (Loreau et al., 2001). 201 
 202 
Results 203 
Mean plant density was 424±31 (± standard error of mean = SEM) individuals per m2 and not 204 
significantly influenced by species richness, heterogeneity treatment or nutrient patch within 205 
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heterogeneous plots. In the second year, the realized species richness in the combined 206 
biomass samples from June and August/September was similar in uniform and heterogeneous 207 
plots (F1,30 = 3.20, p = 0.084) and among the different treatment patches in the heterogeneous 208 
plots (F3,270 = 1.82, p = 0.144): samples from 3-species mixtures contained on average 2.8±0.1 209 
species and samples from 6-species mixtures 4.9±0.3 species (per 0.5 x 0.5 m quadrat). The 210 
dominance index calculated from the combined biomass in 2004 was 0.56±0.03 and not 211 
affected by species richness (F1,4 = 2.22, p = 0.233) and heterogeneity treatment (F1,7 = 1.97, p 212 
= 0.203). 213 
 214 
Effects of species richness on aboveground biomass in uniform and heterogeneous 215 
plots 216 
We found a significant and positive relationship between sown species richness and 217 
aboveground biomass in the second year of the experiment (Table 2, Fig. 2). This was mainly 218 
due to the large difference between monocultures and mixtures (monoculture/mixture contrast 219 
F1,33 = 8.07, p = 0.008). Environmental heterogeneity had no influence on the average biomass 220 
of a plot (see open circles in Fig. 2), but biomass varied significantly among the different 221 
treatment patches in heterogeneous plots (Table 2), indicating that the heterogeneity treatment 222 
was effective. However, even in the uniform plots biomass varied considerably between 223 
patches resulting in an only marginally (F1,51 = 2.81, p = 0.100) lower among-patch CV in 224 
uniform (32.8±3.3) as compared with heterogeneous plots (39.6±3.4). 225 
 The first part of our main hypothesis — that species richness effects on biomass 226 
production should be stronger in heterogeneous than in uniform environment — was not 227 
supported (diversity × environment interaction in Table 2 not significant). In addition to 228 
species richness effects, there were large differences within species pools between the 229 
different monocultures and 3-species mixtures (community term in Table 2). 230 
 231 
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Additive partitioning of biodiversity effects 232 
In agreement with the positive relationship between species richness and aboveground 233 
biomass, the net biodiversity effect (NE) was significantly positive in the additive partitioning 234 
analysis of the pooled harvest data from 2004. This analysis revealed that the better 235 
performance of the mixtures was generally more affected by complementarity (CE) than by 236 
selection effects (SE; Table 3 and Fig. 3). The mean relative yield total (RYT) of mixtures 237 
was larger than 1 (1.37; 95% confidence interval: 1.21– 1.53), indicating that overyielding 238 
(Hector, Bazeley-White, Loreau, Otway, & Schmid, 2002) occurred in most mixtures. The 239 
beneficial effects of biodiversity on biomass production occurred between monocultures and 240 
mixtures of 3 species, whereas no further increases of NE, CE, SE or RYT could be found 241 
between 3- and 6-species mixtures. In part this was due to the large difference between 3-242 
species mixtures with different compositions against which the “diversity” term had to be 243 
tested. These two sources of variance were therefore pooled into a combined “community” 244 
term, which was highly significant in the model presented in Table 3. 245 
 Although the heterogeneity treatment did not affect the overall relationship between 246 
species richness and aboveground biomass, it did have a strong positive effect on 247 
complementarity, thus confirming the second part of our main hypothesis. The higher CE in 248 
heterogeneous compared with uniform plots (Table 3; Fig. 3) indicates that mixtures could 249 
take advantage of the heterogeneous environment by allowing each species to contribute more 250 
similarly to community yield than if they were grown in uniform environment. However, 251 
because dominant species could apparently compensate this advantage via a higher SE in 252 
uniform than in heterogeneous environment, the net outcome was no difference in NE (Table 253 
3; Fig. 3). This supports our prediction that environmental heterogeneity should increase 254 
complementarity among species, whereas dominance of particular species may contribute to 255 
positive NE in uniform environment. 256 
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 A challenge regarding the generality of the above result are the significant “pool x 257 
environment” interactions in Table 3. These indicate that results of biodiversity experiments 258 
can significantly vary depending on the species pool used. Thus, the effect of environmental 259 
heterogeneity on NE was not significant if averaged over all pools, but still differed 260 
significantly among pools. Furthermore, the effect of heterogeneity on CE was stronger in 261 
some and weaker in other pools, whereas the opposing effect of heterogeneity on SE was 262 
similar in the four pools. 263 
 264 
Discussion 265 
In the present study we wanted to test if biodiversity effects are stronger in heterogeneous 266 
than in uniform environments. In particular, we wanted to know if complementarity between 267 
species may be enhanced in heterogeneous environments. 268 
First of all, our soil heterogeneity x biodiversity experiment could be well established 269 
at constant plant densities and realized species richness. That is, despite a slight reduction in 270 
species richness over the course of the experiment, the effects of the soil-heterogeneity 271 
treatments on aboveground biomass production were not confounded by differential effects 272 
on this covariate or the other one, plant density. 273 
The main result of our experiment concerned the biodiversity effects on aboveground 274 
biomass production. The positive net biodiversity effect did not differ between uniform and 275 
heterogeneous environment. We therefore cannot confirm the first part of our hypothesis, i.e. 276 
that resource heterogeneity increases the net effect of biodiversity on productivity in 277 
experimental grassland communities. However, when this net effect was partitioned into 278 
component effects (Loreau et al., 2001), it became clear that it was caused by 279 
complementarity among species in heterogeneous environment and by dominance of highly 280 
productive species in uniform environment. This is strong support for the second part of our 281 
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hypothesis, i.e. that environmental heterogeneity increases complementarity. Our results also 282 
show that in uniform environment the lack of “complementary” contributions of all species 283 
can be compensated by “selected” contributions of particular species, thus explaining the 284 
similarly positive net outcome on biomass production in uniform and heterogeneous 285 
environment. A shift from sampling effects to resource partitioning has been observed in a 286 
theoretical model, when changing from local within-patch scale to regional scale, including 287 
different patch types (Cardinale, Ives, & Inchausti, 2004). This also suggests that dominance 288 
by strong and productive competitors increases in uniform environment. In the long term this 289 
might lead to competitive exclusion and a reduction in species richness, which in turn could 290 
compromise future ecosystem functioning. 291 
 The increased complementarity effect (CE) in heterogeneous soil environment 292 
supports the hypothesis that a heterogeneous environment may reduce plot-wide resource 293 
competition among species (Ricklefs, 1977) and predictions of theoretical models based on 294 
spatial heterogeneity (Pacala & Tilman, 1994). The horizontal pattern of soil nutrients in our 295 
heterogeneity treatment could have enhanced complementarity resource use among species by 296 
allowing one species to specialize on the first nutrient-patch type, one on the next, and so on. 297 
In consequence, species with low monoculture yield, which were subdominant in uniform 298 
treatment, could grow better than expected in the heterogeneous nutrient environment and 299 
thus contribute to enhanced community yield. 300 
 It could be argued that our heterogeneity treatment was too weak to create stronger net 301 
biodiversity effects. However, the different nutrient patches significantly affected biomass 302 
production and the variation between patches was marginally higher in the heterogeneous 303 
environment than between patches of equal size in the uniform environment. It is perhaps not 304 
surprising that even in the uniform environment small-scale heterogeneity in plant biomass 305 
did occur. This could have resulted from small-scale differences in plant composition and 306 
overall density of plants within the experimental communities due to the broadcast sowing 307 
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procedure. Furthermore, one reason for the general finding of positive biodiversity effects in 308 
previous experiments (Balvanera et al., 2006), which were carried out in homogeneous 309 
environment, is the spatial separation of species in the rooting (Dimitrakopoulos & Schmid, 310 
2004) and canopy zone (Spehn et al., 2005), which itself creates a certain environmental 311 
heterogeneity within a community. 312 
A further caveat revealed by our study is the variation in biodiversity effects that can 313 
be found between different species pools. To our knowledge, no previous study ever 314 
combined multiple species pools in a single experiment at a single site. Had we used our four 315 
species pools in four separate studies, we would sometimes have proved the first and second 316 
part of our main hypothesis and sometimes only the second part. This suggests that future 317 
studies should more often not only use different species compositions within single species 318 
richness levels (Schmid et al., 2002), but also use different species pools within single 319 
experiments. 320 
In conclusion, our study demonstrates that resource heterogeneity can promote 321 
complementarity-based biodiversity effects in experimental grassland communities assembled 322 
from different, non-overlapping species pools. In uniform environments, biodiversity effects 323 
seem to be more related to contributions of particular species via selection effects. 324 
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Table 1. Species composition of the four non-overlapping pools which were grown in 425 
monocultures and 6-species mixtures as well as in non-overlapping 3-species mixtures (g = 426 
grasses, l = legumes, h = herbs). Nomenclature follows Lauber & Wagner (1996). 427 
 428 
Pool 6-species mixtures   3-species mixtures 
Poa annua (g)    X 
Setaria glauca (g)  X   
Melilotus albus (l)    X 
Berteroa incana (h)  X   
Conyza canadensis (h)  X   
1 
Lactuca serriola (h)    X 
      
Setaria viridis (g)  X   
Bromus secalinus (g)  X   
Trifolium campestre (l)    X 
Senecio vernalis (h)    X 
Centaurea cyanus (h)    X 
2 
Arctium tomentosum (h)  X   
      
Arrhenatherum elatius (g)  X   
Festuca rubra comm. (g)  X   
Trifolium pratense (l)  X   
Galium mollugo (h)    X 
Leucanthemum vulgare (h)    X 
3 
Taraxacum officinale (h)    X 
      
Holcus lanatus (g)    X 
Trisetum flavescens (g)  X   
Trifolium repens (l)  X   
Lychnis flos-cuculi (h)  X   
Silene nutans (h)    X 
4 
Tragopogon pratensis (h)       X 
429 
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Table 2. Analysis of variance for aboveground biomass (sum of two harvests from 2004). 1 
“Diversity” refers to species richness levels 1, 3 and 6. Nutrient treatments and interactions 2 
(lines 10–12) reflect systematic variation among patches within plots with heterogeneous 3 
environment. Random variation between patches within plots with heterogeneous or uniform 4 
environment is pooled in the residual (line 14). df: degree of freedom; MS: mean squares; F: 5 
variance ratio; P: error probability. 6 
 7 
  Aboveground biomass 
Source of variation df MS F P 
Block 3 465829 2.13 0.127 
Pool 3 1687410 1.01 0.401 
Diversity 2 6739750 4.04 0.028 
Community 30 1668180 7.64 <0.001 
Environmental heterogeneity 1 418824 1.10 0.303 
Pool x Environmental heterogeneity 3 411187 1.08 0.374 
Diversity x Environmental heterogeneity 2 47738 0.13 0.883 
Community x Environmental heterogeneity 30 381751 1.75 0.093 
Plot 21 218472 1.23 0.227 
Nutrient treatments 3 680730 3.83 0.010 
Pool x Nutrient treatments 9 147692 0.83 0.589 
Diversity x Nutrient treatments 6 146774 0.82 0.552 
Residuals 270 177960     
8 
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Table 3. Analysis of variance for net biodiversity (NE), complementarity (CE) and selection 1 
(SE) effect calculated from aboveground biomass values in 2004 (sum of two harvests). 2 
Effect values were square-root transformed with original positive and negative sign preserved 3 
to meet assumptions of the analysis. The community term includes the diversity term (3- vs. 4 
6-species mixtures), which was not significant compared with the variation between different 5 
3-species mixtures). df: degree of freedom; MS: mean squares; F: variance ratio; P: error 6 
probability. Note that a one-sided test for the a-priori hypothesis that SE should be higher in 7 
uniform than in heterogeneous environment halves the error probability from 0.062 to 0.031. 8 
 9 
    NE   CE   SE 
Source of variation df MS F P   MS F P   MS F P 
Grand mean 1 2644 23.03 0.001  1734 19.05 0.002  324 2.95 0.124 
Block 3 5 0.17 0.917  12 0.53 0.669  32 1.89 0.164 
Pool 3 195 1.70 0.243  150 1.65 0.254  602 5.49 0.024 
Community 8 115 3.78 0.007  91 3.87 0.007  110 6.45 <0.001 
Environment 1 10 0.55 0.478  116 12.89 0.007  95 4.71 0.062 
Pool x Environment 3 144 8.20 0.008  252 28.03 <0.001  24 1.18 0.376 
Community x Environment 8 18 0.58 0.783  9 0.38 0.918  20 1.19 0.352 
Residuals 20 30       24       17     
10 
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Figure legends 1 
Figure 1. Scheme of a plot with the heterogeneity treatment and the different nutrient patches 2 
arranged in a chequerboard-like pattern. White squares represent control patches (no 3 
fertilizer), horizontally striped squares represent phosphorus patches, vertically striped 4 
squares represent nitrogen patches and cross-striped squares represent patches with both 5 
nitrogen and phosphorus added. 6 
 7 
Figure 2. Plot-level aboveground biomass (sum of two harvests) as a function of species 8 
richness in 2004 for each pool. Filled circles are uniform and open circles are heterogeneous 9 
plots. 10 
 11 
Figure 3. Mean (± SEM) of the net biodiversity (NE), complementarity (CE) and selection 12 
(SE) effect calculated from aboveground biomass values in uniform (uni) and heterogeneous 13 
(hetero) plots in 2004 (sum of two harvests). Y-axis on square-root scale. 14 
15 
 23 
 1 
Figure 1 2 
3 
 24 
 1 
Figure 2 2 
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